The aim of this work was to investigate the influence of fresh and thermally treated sewage sludge on the amy-
INTRODUCTION
The urban soils in Poland are the least studied group of soils [Niedbała et al 2010] . According to Greinert [2000] , urban soils are easily degraded because of a low content of humus and organic matter, low water capacity and a small amount of nutrients. The structure of these soils is not uniform and often is made of construction waste, such as rubble, brick and steel. Furthermore, soil has a compact structure as a result of using heavy equipment, which disturbs the air-water relations. In addition, the urban area located along communication routes is exposed to the pollution from transport. Wysocki and Stawicka [2005] have reported that the mechanical and chemical transformation of soil in the urban area causes the negative changes of its biological activity, which subsequently determines a proper biocenoses functioning. The transport contaminants can be harmful to soil microorganisms and interfere with their mutual relation [Bach and Frazik-Adamczyk 2005] .
Lawns, as a basic element of green areas in cities, are the simplest and most natural coverage of soil surface. Grasses play an important role as a pioneer species in setting difficult areas. Lawns are essential for the protection and stabilization of soil, air purification, pollution absorption and microclimate improvement [Grejnert 2000 , Wolski et al 2006 . Due to their function it is necessary to ensure proper quality of soil and growth of grasses.
The progressing urbanization has caused an increase in the amount of domestic and industrial wastes such as sewage sludge. The most common way for the management of this biosolid is its environmental recycling as a fertilizer or reclama- The amylolytic bacteria hydrolyze starch and glycogen by using amylases such as: a-amylase and b-amylase. The degradation products (i.e. glucose) are utilized by microorganisms as a source of carbon and energy and by plants as a source of nutrients [Kucharski et al 2000] .
The aim of this work was to investigate the impact of unprocessed and thermally treated sewage sludge on the amylolytical soil activity, expressed as the number of amylolytic bacteria and soil amylases activity. Subsequently, the obtained results were compared with selected physicochemical properties of the soil.
MATERIAL AND METHODS
Two field experiments were prepared on the two lawns along the main roads of Białystok, (ul. Hetmańska and Popiełuszki)where two types of organic substrates were applied. The first experiment was established in 2010, whereas the second in 2014. In each study, one experimental area of 90 m 2 was divided into 18 plots, 5 m 2 each. The stabilized mechanical dewatered municipal sewage sludge from the Municipal Wastewater Treatment Plant in Sokółka (SS) and organic fertilizer "Granbial" produced from the sewage sludge during thermal processing (at 200ºC) in a Wastewater Treatment plant in Białystok (G) were used. In autumn 2010 and 2014, the studied areas were fertilized with municipal sludge and "Granbial" with 0 (C -control), 14 Table 3 .
Amylolytic activity analyses
The soil amylolytic activity after organic substrates application was assessed by determining the number of amylolytic bacteria in rhisosphere and soil amylase activity. Fresh samples of grass mixture roots with the soil for a number of amylolitic bacteria analyses and the soil from a depth of 0-20 cm for the analysis of the amylases activity were collected twice, as it was described in Table 3 .
The number of amylolytic bacteria was determined according to the method described by Rodina [1968] on the medium with 2% of starch. The incubation of microorganisms was carried out at 27ºC for 96 h. After the incubation time, the colonies grown in Petri dishes were covered by Lugol solution. For the estimation of amylolytic bacteria, the number colonies surrounded with yellow zone were counted. The mean number of colonies was expressed as cfu (colonyforming unit) per 1 g dry mater of soil and roots (cfu/g DM).
The soil amylases activity was determined with the method based on the analysis of reducing sugars amount produced after the enzymatic hydrolysis of starch. The soil samples were incubated with 1% starch solution in acetate buffer (pH 5.5) for 24 h at 50°C. The amount of reducing sugars produced, expressed in mg of released glucose (Glc) was determined with the colorimetric method described by Merci and Schinner [2005] for the invertase activity.
Physicochemical analysis
The granulometric composition of soil was analyzed by means of Analysette 22 NanoTec Plus (Fritsch) analyser. The values of pH in the soil samples taken from a depth of 0-20 cm were determined with the potentiometric method in a soil suspension and distilled water in the ratio of 1:2.5. The total nitrogen was measured by using Kjeldahl method based on wet oxidation of organic matter using H 2 SO 4 and conversion of organic nitrogen to the ammonium form on the Vapodest 50s Analyzer (Gerhardt). The available phosphorus (expressed as P 2 O 5 ) was determined by Egner-Riehm method in 0.04 solution of calcium lactate. The amount of available phosphorus was determined by UV-vis spectrophotometry Hach Lange DR 5000. The organic carbon (TOC) content was measured using Analytik Jena TOC multi NC analyzer.
Statistical analysis
The basic statistics (minimal and maximal values, median, means and standard deviation) for the studied physical and chemical parameters were calculated. In order to test the effects of the experimental factors (type and dose of organic substrates, sampling time, grass mixture) in the variables analyzed, the multi-way analysis of variance MANOVA with interaction term was performed. In the case of significant F-tests, the differences between group means were carried out by the Tukey post-hoc test at a=0.05. The correlation between the characteristics was calculated using Pearson correlation (with the level of significance established at p < 0.05). The computation and graphs were done by means of the Statistica 13.0 software. 
RESULT AND DISCUSSION
The granulometric composition of the studied soils is shown in Table 4 . Sand was the dominant fraction in the soils and its amount ranged from 53 to 70%, while the silt content was from 21 to 38% and clay -from 5 to14%. The pH values measured in water for the samples collected in July ranged from 7.1 (for soil G2 -treatment "Granbial" in dose 29 t DM/ha and M2-grass mixture Roadside) to 7.7 (soil with SS1 and M1) (Figure 1 A-B) . Moreover, in October, the pH values in soil were similar to those in July and were from 7.1 to 7.8 for control with M2 and SS1 with M1, respectively.
Urban soils usually are neutral or alkaline. This is due to the presence of alkaline dusts, contaminants and limestone construction materials [Grejnert 2000 ]. An increase of soil pH has been reported also after sewage sludge fertilization, which was related to the use of calcium compounds for the sludge stabilization and hygenization [Singh and Agrawal 2008, Szymków and Świtecka 2013] .
The average total organic carbon (TOC) contents in soil after treatment with sewage sludge and "Granbial" fertilizer are shown in Figures 1  C-D . The highest average TOC values in the soil collected in July were observed for the plots with "Granbial" in the dose 29 t DM/ha with Eko grass mixture (G2 with M2) and was 3.22% DM, while the lowest was found for control with M1 (1.86% DM). In the soil samples collected in October, the obtained results indicated that an average content of TOC decreased and ranged from 1.47 to 2.67% DM from the plots treated using SS1 with M2 and G2 with M1, respectively). The average total content of nitrogen in July ranged from 0.22% DM for the soil from plots supplemented using G1 with M2 grass mixture to 0.55% DM for the SS2 and M1 grass mixture, whereas the average N content in the soil collected in October was lower than in July and the highest content was recorded in SS2 with M2 (0.36% DM) whereas the lowest -in G1 with M1 (0.18% DM) (Figure 1 E-F) .
The average content of available phosphorus in soil was presented in Figures 1 G-H . The values of this parameter obtained for the samples collected in July ranged from 20.06 to 67.93 mg P 2 O 5 /100 g DM for SS1 soil treatment with M2 grass mixture and G1 with M1, respectively. In the second time of sampling the highest average content of N in soil was recorded in G2 with M1 (60.57 mg P 2 O 5 /100 g DM), while the lowest in control with M2 (20.58 mg P 2 O 5 /100 g DM).
Generally, higher average content of available P was recorded in the soil amended with "Granbial" fertilizer, compared to all other treatments.
Sewage sludge soil treatment modifies its chemical and biological properties, which was described in the literature data [Siuta 2003 . Concerning the soil nutrients content, our results reveal that TOC and available P increased after dewatered sewage sludge and "Granbial" application, but in the case of SS such increase was observed only in July. The differences between the effects of studied substrates can be caused by varying the rate of the raw and thermally treatment sewage sludge mineralization. Wiater et al. [2003] reported that thermally dried granular sewage sludge mineralization occurs with lesser intensity than in the unprocessed sludge. According to Mohamed et al. [2018] , forest soil fertilization with sewage sludge significantly influenced only the increase in the total phosphorus content. In the study of Kitczak and Czyż [2009] , amendment of sandy soil with sew- Table 4 . Soil granulometric composition in control (C), soil treatments with 14.5 and 29 t DM/ha sewage sludge (SS1 and SS2, respectively) and 14.5 and 29 t DM/ha "Granbial" fertilizer (G1 and G2, respectively) age sludge in a plot experiment caused an increase of organic matter (by 40%), total nitrogen (from 0.1 to 0.4%) and phosphorus content (from 0.1 to 0.5%). Marando et al. [2011] conducted research in lysimetric experiment where they applied various types of sewage sludge (composed and thermally dried sludge at 80-90ºC) for the reclamation of a soil from a working limestone quarry, situated in Spain. After 13 months of sludge addition, they observed a significant increase in C (from 0.5 to 1.7% and from 0.5 and 1.9% for composted and dried sludge, respectively) and in N content (from 0.07 to 0.14% and from 0.07 to 0.11% for composted and dried sludge, respectively). Moreover, the authors stated that application of composted sludge to soil resulted in much slower decomposition, compared to thermally dried sludge. Generally, in our study higher TOC, N and P contents for dewatered sewage sludge (SS) were obtained in the samples collected in July, while higher available P content for the samples with "Granbial" in October, as compared to the control and SS. In the case of TOC and N in soils treatment with G1 and G2, the average level of these parameters was stable during the period of study. The impact of the experimental factors on the average number of amylolytic bacteria in the rhizosphere zone is presented in Figures 2 A-B . In this study, the grass mixture did not have significant effect on this parameter (Figure 2 A) . The average total count of the studied bacteria was varied and the smallest value was recorded in the control plots with M1 (7.8 x10 6 cfu /g DM of roots and soil), while the largest was observed in the samples from plots G2 with M2 (7.8 x10 6 cfu/g DM of roots and soil). There were significant differences in the average number of amylolytic bacteria connected with treatments and sampling time (Figure 2 B) . The highest average number of these bacteria was found for the samples collected in October from G2 (44.6 x10 6 cfu/g DM of roots and soil), whereas the lowest results were obtained for the samples taken in October from SS1 (2.5 x10 6 cfu /g DM of roots and soil). The average number of amylolytic bacteria was significantly higher in the samples taken in October from plots treated with "Granbial" (G1 and G2) as compared to the control and soil with sewage sludge. It should be mentioned that the average number of the studied bacteria from SS1 and SS2 in July was higher (by about 500%) than in October, but these differences were not statistically significant. In the case of the soils treated with G1 and G2, this microbiological parameter was significantly higher in October as compared to July.
We found that the grass mixture with treatment did not significantly influence the amylases activity in soil ( Figure 3A) . The average amylases activity ranged from 1.3 to 2.2 mg Glc/(g DM · 24 h) for control with M1 and G2 with M1, respectively. The activity of the studied enzymes differed significantly depending on the treatment and sampling time ( Figure 3B ). The average activity of amylases in the soil samples collected in July was the lowest in the control (1.5 mg Glc/(g DM · 24 h)), whereas the highest in G2 (2.2 mg Glc/(g DM · 24 h)). Sig- Figure 2 . The average number of amylolytic bacteria in grass mixtures (M1 -Eko and M2 -Roadside) rhizosphere in samples collected in July and October from control plots (C), treated with sewage sludge in dose of 14.5 and 29 t DM/ha (SS1 and SS2, respectively) and "Granbial" fertilizer in dose of 14.5 and 29 t DM/ha (G1 and G2, respectively) (different letters for columns indicate significant differences between means for each treatment and grass mixture (A), treatment and sampling time (B), where p<0.05, assessment on Tukey's test for α=0,05; the error bars represent 5% confidence interval) nificantly higher soil amylases activity in SS1, SS2 and G2 as compared to the control was observed. The results obtained in the second date of sampling (in October) ranged from 0.8 to 2.0 mg Glc/(g DM · 24 h) for SS and G2, respectively. It should be mentioned that the activity of these enzymes activity in SS1 and SS2 significantly decreased in October, approximately being halved as compared to July, while the soil amylases activity in G2 and G2 was at a similar level.
The correlation analysis presented in Table 5 showed significant negative relationships between the soil amylases activity and the pH measured in H 2 O (r= -0.43). The content of clay also negatively correlated with the analyzed enzymes activity (r= -0.41). A positive correlation between the soil amylases activity and selected characteristics of soil such as total organic carbon content (TOC), available P and sand content, was observed. The correlation coefficients (r) for these relationships were: 0.53, 0.34, 0.30, respectively. The amylases activity of soil is connected with the amount of amylolytic bacteria in soil, as indicated by the positive significant correlation coefficient (r= 0.33).
The amylolytic activity in soil is an important part of carbon and energy circulation in the environment. In our study, the application of raw and thermally processed sewage sludge to soil intensified the activity of bacteria and starch decomposing enzymes. The literature data indicate that sewage sludge addition stimulated the growth of microorganisms and changed the enzymes activity. A direction and intensity of the modification depends on type of substrates, dose and studied enzymes [Napora and Grobelak 2014] . In addition, the microbial activity of soil is related to other factors i.e. soil pH, moisture, soil temperatures, content of major nutrient in soil, air temperatures and precipitation [Galus-Barchan and Paśmionka 2014] .
In our study, a significant negative correlation between pH and amylases activity was obtained. The soil pH is important parameter, which decides about soil biological processes, ability of microorganisms for growth, availability of nutrients and contaminants [Su et al. 2004 and Rousk et al. 2009 ]. As reported by Galus-Barchan and Paśmionka [2014] , bacteria best tolerate the soil pH ranging from 6.5 to 7.5; therefore, the high alkalinity of soil Figure 3 . The average amylases soil activity in soil samples with grass mixtures (M1 -Eko and M2 -Roadside) collected in July and October from control plots (C), treated with sewage sludge in dose of 14.5 and 29 t DM/ha (SS1 and SS2, respectively) and "Granbial" fertilizer in dose of 14.5 and 29 t DM/ha (G1 and G2, respectively) (different letters for columns represent significant differences between means for each treatment and grass mixture (A), treatment and sampling time (B), where p<0.05, assessment on Tukey's test for α=0,05; the error bars represent 5% confidence interval) can inhibit the growth and activity of amylolytic bacteria. In the present study, a positive significant correlation between TOC and amylses activity was obtained, while no significant correlation between the number of amylolytic bacteria and TOC was found. According to Jorge-Mardomingo et al.
[2013], microorganisms can behave differently in the soil amended with sewage sludge. The application of a very high dose of sludge may decrease the number of bacteria. It depends on the efficiency of using C from biosolids by microorganisms and the amount of labile and mineralizable fraction of organic matter in mix of soil-sludge. Moreover, the native microorganisms can be better adapted in the soil with lower amount of carbon, while a high dose of organic substrate may cause stress. Jurkowski and Błaszczyk [2012] indicate that the highest growth of individual groups of microorganisms is at specific temperature and humidity where metabolic processes are the most efficient. In our study, the activity of amylolytic microorganisms in connection with sewage sludge treatment was varied, depending on the vegetation period. The air temperatures and rainfall as well as the type of sewage sludge can modify the number of bacteria and enzymes activity. Walczak et al. [2013] indicated that the air temperature regulates the biological activities of bacteria. However, too high temperature may inhibit the growth and cause cells damage. The water is also an important factor for the number and activity of bacteria and their growth is inhibited when the soil water content is less than 30%. The microorganisms are sensitive to the soil drought, even small amount of water below the optimal value results in an inhibition of their development.
The amylolitic activity may depend on the contaminants transport such as heavy metals and organic pollutants. Some metals e.g. As, Cd, Hg, have a strong bactericidal effect on the microbial growth, even at minimal concentration. However, the availability of micro-and macroelements from the amended soil is a function of the climatic conditions during the growing season, dose of sewage sludge and ratio of carbon and nitrogen [Gondek 2012 ].
In sum, the soil in urbanized areas is characterized by specific habitat conditions for microorganisms. As reported by Frączak [2010] and Tyszkiewicz [2014] any changes in soil properties influenced the biotic relation between microorganisms. Therefore, soil microbes and the enzymes activity are considered to be the most susceptible to the change of environmental parameters.
CONCLUSIONS
1. Supplementation of the studied soils with raw and thermally dried sewage sludge caused changes in the soil pH, TOC, available P and total N content. Higher values of TOC, total N and available P in soil with mechanical dewatered sewage sludge were observed in July, while the increase of available P in soil with thermally processed sludge was found in October. 2. The grass mixture did not have a significant effect on the number of amylolytic bacteria and amylases activity in the studied soils. 3. The time of sampling significantly influenced the number of amylolytic bacteria and amylases activity the in soil. In the case of the soil with dewatered sewage sludge, the significantly higher amylolytic activity was found in July, whereas in the soil with thermally dried sludge, these parameters were higher in October. 4. A significant negative correlation between the amylases activity and soil pH and positive correlation between TOC, P-available, sand content and amylases activity were found. The number of amylolytic bacteria was positively correlated with the sand content and amylases activity.
